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Abstract
Background: The distribution of and factors associated with intestinal parasitic infections are poorly defined in high
risk vulnerable populations such as urban slums in tropical sub-Saharan Africa.
Methods: In a cross sectional study, children aged 5 years and below who presented with diarrhoea were recruited
from selected outpatient clinics in Mukuru informal settlement, and from Mbagathi District hospital, Nairobi, over
a period of two years (2010–2011). Stool samples were examined for the presence of parasites using direct,
formal-ether concentration method and the Modified Ziehl Neelsen staining technique.
Results: Overall, 541/2112 (25.6%) were positive for at least one intestinal parasite, with the common parasites
being; Entamoeba histolytica, 225 (36.7%),Cryptosporidium spp. 187, (30.5%), Giardia lamblia, 98 (16%).The prevalence
of intestinal parasites infection was higher among children from outpatient clinics 432/1577(27.4%) than among
those admitted in hospital 109/535 (20.1%) p < 0.001. Infections with E. histolytica, and G. lamblia were higher among
outpatients than inpatients (13.8% vs 1.3% p < 0.001 and 5.8% vs 1.3% p < 0.049) respectively, while infection with
Cryptosporidium spp. was higher among inpatients than outpatients (15.3% vs 6.7%) respectively p < 0.001. Other
parasites isolated among outpatients included Isospora belli, 19 (1.2%), Ascaris lumbricoides, 26 (1.6%), and
Hymenolepis nana 12 (0.8%), with the remainder detected in less than ten samples each. HIV-infected participants
were more likely to be infected with any parasite than uninfected participants, Adjusted Odds Ratio (AOR), 2.04, 95%
CI, 1.55-2.67, p < 0.001), and with Cryptosporidium spp. (AOR, 2.96, 95% CI 2.07-4.21, p < 0.001).The inpatients were less
likely to be infected with E. histolytica than outpatients (AOR, 0.11, 95% CI, 0.51- 0.24, p < 0.001), but more likely for
inpatients to be infected with Cryptosporidium spp. than outpatients (AOR, 1.91, 95% CI, 1.33-2.73, p < 0.001). Mixed
parasitic infections were seen in 65 (12.0%) of the 541 infected stool samples.
Conclusion: Intestinal parasitic infections are common in urban informal settlements’ environment. Routine
examinations of stool samples and treatment could benefit both the HIV infected and uninfected children in
outpatient and inpatient settings.
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Background
Seventy three percent of deaths from diarrhoeal illness
that occur among children in the developing world are
concentrated in just 15 developing countries, including
Kenya [1]. It is estimated that some 3.5 billion people
are infected, and that 450 million are ill as a result of in-
testinal parasites and protozoan infections worldwide,
the majority being preschool and school going children
[2-4]. Since they commonly occur as mixed intestinal in-
fections, they exacerbate concurrent immunosuppressive
conditions such as malnutrition and HIV, and thus, con-
tribute to poor health and impaired cognitive functions
[5]. Children from resource-poor countries are more
prone to intestinal and extra-intestinal parasitic diseases
[6]. Children tend to be more active in the infected en-
vironment and rarely employ good sanitary behaviour
[7]. Crowding amongst children for example in schools,
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orphanages and poor urban informal settlements, is
likely to increase the opportunity for person-to-person
transmission or environmental contamination with these
parasites [8]. As a result, children who are the primary suf-
ferers, may be an essential vector for the reintroduction of
the pathogens to the local environment, hence maintain
transmission [9].
Poverty as measured in terms of lack of sanitation,
low literacy and overcrowding is associated with para-
sitic diseases in most communities [10]. In many low
and middle-income countries urban migration has led
to the creation of urban informal settlements with high
rates of polyparasitism with both protozoa and hel-
minths [11-16]. Overcrowding and poor sanitation in
these areas lead to higher infection rates through closer
proximity of the infected to larger vulnerable popula-
tions; parasite transmission thrives in these conditions
[17]. Intestinal parasitic infections have enormous con-
sequences on the health of HIV infected patients [18],
and sub-Saharan Africa is already over burdened by
HIV infection. These patients often suffer from frequent
diarrhoeal episodes coupled with weight loss resulting
from intestinal parasites, some of which can be fatal
[19-22]. Concerted efforts in management of infections
in HIV/AIDS patients have targeted diseases such as tu-
berculosis and other respiratory infections. Less attention
has been given to emerging parasitic enteric infections,
yet parasites such as Cryptosporidium spp, Isospora belli,
Microsporidia spp, Giardia intestinalis, Entamoeba spp.,
Cyclospora spp., pose unique epidemiological constraints
as they are ubiquitous in nature, treatment is still not yet
available for some, and others are highly resistant to
chlorination and other antiseptics [20]. Previous studies
in Kenya have reported high prevalence of intestinal para-
sites ranging between 12.6% to 54% [23-26]. Polyparasitism
was frequently observed in all these studies.To the best
of our knowledge, there is no published data on the
prevalence of intestinal parasitic infections in the infor-
mal settlements in Nairobi. Such data underlie decisions
on the need for early diagnosis and management in
order to prevent the health complications among vulner-
able groups such as children, some of who could be HIV
positive. In this study we examined the prevalence of intes-
tinal parasitic infections among children aged 5 years and
below, both HIV positive and HIV negative, living in
Mukuru urban informal settlement, and either presenting
at outpatient clinics, or admitted to the Mbagathi District
hospital in Nairobi.
Methods
Study site and patients
This was a prospective cross sectional study of children
aged 5 years and below who presented with diarrhoea
to selected outpatient clinics (Reuben Centre, Lea toto
and Medical Missionaries of Mary) which, are the only
public dispensaries located in Mukuru informal settle-
ment, as well as those admitted to the paediatric
wards at Mbagathi District hospital from January 2010
to December 2011. Mukuru informal settlement is
situated about 15 km east of the Nairobi city centre
while Mbagathi District hospital is 5 km to the west
of centre, and both serve patients from the slums
and other low income areas from these locales. An
episode of diarrhoea was defined as three or more
loose bowel movements over a 24-hour period prior
to the day of presentation. Basic demographic infor-
mation including age, sex, and residence was collected
on enrolment using a structured questionnaire. Con-
sent was obtained from parents or guardians, after
which counselling and testing for HIV was offered by
qualified personnel as per the National guidelines [27].
Those children who tested HIV positive were referred
to the comprehensive care centres within the study
clinics and the Mbagathi District hospital for further
management. The rainfall patterns for the study period,
i.e. 2010–2011 were obtained from the Meteorological
Department in Nairobi. The study was approved by the
Kenya National Ethical Review Committee. All guard-
ians of participating children were informed of the
study objectives and voluntary consent was sought be-
fore inclusion. All laboratory results were included in
the patients’ reports to the clinicians for appropriate
management. The samples were examined for enteric
parasitic infections, and were not analysed for viral or
bacterial infections.
Laboratory procedures
HIV testing was performed according to the Kenyan
National Policy for all paediatric hospital admissions
[27]. Specially formulated absorbent filter papers were
used for collecting a drop of blood for infants under
18 months of age for molecular diagnosis through PCR
[28]. Children aged 18 months or older were tested
using two rapid antibody tests: Determine (Inverness
Medical, USA) and Unigold (Trinity Biotech, Ireland).
Fresh stool samples from children who met the inclu-
sion criteria and enrolled in the study, were collected in
clean polypots and labelled with a unique identifier.
They were examined macroscopically for consistency,
mucus, blood, and microscopically for the presence of
ova, larvae, trophozoites and cysts of intestinal and
extra-intestinal parasites. Stool examinations were
performed by direct method and the formal-ether con-
centration techniques as described by Cheesbough [29].
Smears from the concentrates were stained using Modi-
fied Ziehl-Neelsen staining technique as described by
Casemore [30], for identification of Cryptosporidium spp.
and other protozoa.
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Data processing and analysis
Data from questionnaires was entered into a Microsoft
Access database using EpiInfo™ version 3.3 [31]. Data
cleaning procedures were performed before importing
data for analysis into Stata 9.2 (Stata Corporation, Texas
USA). Frequencies, proportions, medians and interquar-
tile ranges (IQR) were used to describe the study popula-
tion and parasitic infection. A Fisher’s exact chi-square
test used to compare proportions. Non-parametric equal-
ity of medians test was used to compare medians. Logis-
tic regression to identify potential correlates of infection
with any parasite, and infection with each of the 3 most
common parasites, and included all factors included in
the unadjusted analysis in multivariate logistic regression
models to determine significant and independent corre-
lates of parasitic infection. Odds ratios were used to
describe associations and a p-value of <0.05 was consid-
ered significant.
Results
A total of 2,112 stool samples from children aged 5 years
and below were collected for the study of which 1577
(75%) were from outpatient clinics in Mukuru informal
settlements, and 535 (25%) were from children admitted
to the paediatric ward at the Mbagathi District Hospital.
Overall, 1116 (52.8%) were male and 996 (47.2%) were
female. Sixteen children, who were eligible and were
consented, did not give stool samples while 40 children
were eligible but their parents/guardians declined to
give consent. All were from the outpatient clinics.The
median age of the children was 18 months (IQR: 9 to
32 months). Outpatients were older than inpatients:
24 months (IQR: 12 to 36 months) versus 10 months
(IQR: 7 to 14 months), p < 0.001. On microscopic exam-
ination of stool samples 541 (25.6%) of all samples
analysed were positive for at least one intestinal parasite.
The prevalence of intestinal parasites was 613/1577
(38.9%), among children from outpatient clinics and 113/
535 (21.1%) among those admitted in hospital. In total,
fifteen types of parasites were isolated from children pre-
senting at the outpatient clinics, with the three most
common ones being E. histolytica, 218 (13.8%), Crypto-
sporidium spp. 105 (6.7%), G.lamblia, 91 (5.8%). Other
parasites isolated include; A.lumbricoides, 26 (1.6%),
I.belli,19 (1.2%), H.nana 12 (0.8%), while others including
C. mesnili, E. coli, H. diminuta, T. trichiura, Taenia spp,
hookworms, Cyclospora, E. vermicularis and S. mansoni
were detected in less than 10 samples each, and contrib-
uted to 5% of all infections. Among inpatients, Cryptospor-
idium spp.,82/535 (15.3%) was the most common parasite,
followed by I. belli, 16 (3.0%) while G.lamblia and
E. histolytica were less common each with a prevalence
of 1.3%, and Cyclospora which was detected in one
sample (0.2%) (Table 1). Polyparasitism was observed
in 65 (12.0%) of the 541 infected stool samples, details
of this data are not shown.
Associations of patient characteristics and infection with
3 common parasites
a) Entamoeba histolytica
In univariate analysis, gender, patient age, and patient
type were individually associated with E. histolytica in-
fection. Females were less likely to be infected (OR 0.74,
95% CI 0.56-0.98) p = 0.033. Children aged 13–24, 25–
36, 37–48 and 49–60 months were more likely to be
infected with E. histolytica compared to those up to
12 months old with 37–48 having highest odds (OR
1.86, 95% CI 1.22-2.84 p = 0.004; OR 3.0, 95% CI 1.98-
4.53, p < 0.001; OR 4.02, 95% CI 2.57-6.29, p < 0.001; and
OR 3.3, 95% CI 01.93-5.64, p = 0.033, respectively),
(Table 2). Inpatients were less likely to be infected with
E. histolytica than outpatients, (OR 0.83, 95% CI 0.04-
0.18, p < 0.001), while there was no significant difference
in E. histolytica infections between HIV positive and
HIV negative children p = 0.225, (Table 2). In multivari-
ate analysis, infection with E. histolytica infection was
associated with gender, age and HIV status. Female chil-
dren were more likely to be infected with E. histolytica
infection than male children (AOR, 0.68; 95% CI 0.51-
0.92, p = 0.012). Children older than 24 months were
more likely to get the infection, compared to children
aged up to 12 months (AOR, 2.04; 95% CI 1.31-3.19,
p = 0.002), (AOR, 2.55; 95% CI 1.59-4.13, p < 0.001) and
(AOR, 1.96; 95% CI 1.12- 3.43, p = 0.019) for age
groups 25 to 36, 37 to 48 and 49 to 60 months, re-
spectively. The HIV seropositive children were also
more likely to get infected with E. histolytica than
HIV seronegative children, (AOR, 1.58; 95% CI 1.18-
2.33, p = 0.019). Inpatients were less likely to get the
infection than outpatients (AOR, 0.11; 95% CI 0.51-
0.24, p < 0.001), while there was no significant differ-
ence in these infections between wet and dry seasons
(p = 0.769) (Table 2).
b) Cryptosporidium spp
For Cryptosporidiosis, univariate analysis did not show
any significant differences in infection between males
and females, p = 0.977, however, HIV seropositive chil-
dren were three times more likely to be infected with
Cryptosporidium spp. than the HIV seronegative ones
(OR 3.07, 95% CI 2.19-4.32) p < 0.001. Age was also
found to be significantly associated with Cryptosporid-
ium spp. infection, whereby the prevalence was highest
in children aged 13–24 months at 14.2%, this was the
age group that was more likely to acquire cryptospor-
idiosis [(OR 1.49, CI, 1.06-2.09), p = 0.023]. Inpatients
were equally more than twice at risk of cryptosporid-
ium infection than outpatients [(OR 2.54, CI, 1.87-3.45),
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p < 0. 001]. In multivariate analysis, Cryptosporidium spp.
infection was significantly associated with age groups 13
to 24 more likely to get the infection (AOR, 1.90,
CI,1.31-2.75, p < 0.001), and 37 to 48 months group was
inversely associated with Cryptosporidiosis (AOR, 0.39,
95% CI, 0.16-0.93, p = 0.034) as compared to children
up to 12 months old. Positive HIV status and being
an inpatient, was significantly associated with Crypto-
sporidiosis (AOR, 2.96, 95% CI, 2.07-4.21, p < 0.001)
and (AOR; 1.91, 95% CI, 1.33-2.73, p < 0.001) respect-
ively. Both univariate and multivariate analysis showed
that cryptosporidiosis was seasonal with more infections
occurring during wet the season [(OR 1.72, CI, 1.23-2.41),
p < 0.001; AOR, 1.45, CI,1.01-2.09, p = 0.042] (Table 3,
Figure 1).
c) Giardia lamblia
In unadjusted analysis, children in age group 13 to
24 months were approximately 3 times more likely
to be infected with G. lamblia than children below
13 months old (OR, 3.41, 95% CI, 1.61-7.22, p = 0.001),
while children in age group 25 to 36 months were 5 times
Table 1 Patient characteristics by patient type, ( inpatient or outpatient) , for children with diarrhoea aged 5 years and
below, recruited to a study of intestinal parasites in urban poor, Nairobi, between January 2010 and December 2011
Patient characteristics Total (%) Out-patient (%) In-patient (%) p-value
Total 2112 100 1577 100 535 100 -
Sex
Male 1116 52.8 813 (51.6) 303 (56.6) 0.045
Female 996 47.2 764 (48.4) 232 (43.4)
Age group1
0 to 12 months 758 36.4 402 (26.0) 356 (66.5) <0.001*
13 to 24 months 528 25.3 387 (25.0) 141 (26.4) 0.564
25 to 36 months 408 19.6 377 (24.4) 31 (5.8) <0.001*
37 to 48 months 241 11.6 237 (15.3) 4 (0.7) <0.001*
49 to 60 months 148 7.1 145 (9.4) 3 (0.6) <0.001*
Parasites infection
E. Hystolytica 225 10.7 218 (13.8) 7 (1.3) <0.001*
Cryptosporidium spp. 187 8.9 105 (6.7) 82 (15.3) <0.001*
G. lamblia 98 4.6 91 (5.8) 7 (1.3) <0.001*
I. belli 35 1.7 19 (1.2) 16 (3) 0.009*
A. lumbricoides 26 1.2 26 (1.6) 0 (0) 0.001*
H. nana 12 0.6 12 (0.8) 0 (0) 0.045*
C. mesnili 7 0.3 7 (0.4) 0 (0) 0.202
E. coli 6 0.3 6 (0.4) 0 (0) 0.347
H. diminuta 4 0.2 4 (0.3) 0 (0) 0.578
T. trichiura 3 0.1 3 (0.2) 0 (0) 0.576
Taenia spp. 3 0.1 3 (0.2) 0 (0) 0.576
Hookworms 2 0.1 2 (0.1) 0 (0) 1.000
Cyclospora 2 0.1 1 (0.1) 1 (0.2) 0.443
E. vermicularis 2 0.1 2 (0.1) 0 (0) 1.000
S. mansoni 1 0 1 (0.1) 0 (0) 1.000
Infected with any parasite
Yes 541 (25.6) 432 (27.4) 109 (20.4)
No 1571 (74.4) 1145 (72.6) 426 (79.6) 0.001*
HIV Status2
Negative 1598 84.1 1226 (85.4) 372 (80.2) 0.009*
Positive 302 15.9 210 (14.6) 92 (19.8)
KEY: *significant, missing values 1 = 29; 2 = 212.
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more likely to get the infection than children below
13 months old (OR, 5.10, 95% CI, 2.43-10.67, p < 0.001).
Infections with G. lamblia, just like with E. histolytica
were highest in 37–48 months age group at 10.8%,
and the children in this age group were more than
twice as likely to get infected compared to those
below 13 months old, (OR, 9.05, 95% CI, 4.30-19.05),
p < 0.001). The odds for giardiasis among children be-
tween 49 and 60 months old was 7.20, 95% CI, 3.10-
16.76, p < 0.001. Inpatients were less likely to acquire
giardiasis than outpatients, [OR, 0.22, 95% CI, 0.10-
0.47), p < 0.001)]. There were no significant associa-
tions between Giardia infections and gender (p = 0.383),
and HIV status (p = 0.497). In adjusted analysis, giar-
diasis was not associated with gender (p = 0.193), and
HIV status (p = 0.946) but was significantly associated
with age groups 13–24, 25–36, 37–48 and 49–60 months
compared with children up to 12 months old, (AOR,
2.36, 95% CI, 1.07-5.14, p = 0.033), (AOR, 3.26, 95% CI,
1.49-7.13, p = 0.003), (AOR, 5.86, 95% CI, 2.67-12.89,
p < 0.001), (AOR, 3.95, 95% CI, 1.59-9.78, p < 0.003), re-
spectively. Inpatients were less likely to get the infection
than outpatients (AOR, 0.41, 95% CI, 0.17-1.00, p = 0.049),
(Table 4).
Associations of patient characteristics and infection with
any parasite
Infection with any parasite was highest among children
in age group 37–48 months (34.9%) among HIV-
infected (36.8%), and outpatients (27.4%). In unadjusted
analysis, age, HIV status and patient type were individu-
ally associated with parasite infection. Compared to chil-
dren younger than 13 months, children in age groups
13–24, 25–36, 37–48 and 49–60 months had significantly
higher infection with any parasite, (OR, 1.69, 95% CI, 1.29-
2.20, p < 0.001), (OR, 1.87, 95% CI, 1.41-2.47, p < 0.001),
(OR, 2.34, 95% CI, 1.70-3.23, p < 0.001), (OR, 1.91, 95% CI,
1.29-2.84, p < 0.001), respectively. Children who were HIV-
infected were more likely to be infected with any parasite
(OR, 1.75, 95% CI, 1.35-2.27, p < 0.001), while inpatients
were less likely to get infected with any parasite than out-
patients, (OR, 0.68, 95% CI, 0.53-0.86, p < 0.001), (Table 5).
In adjusted analysis, age and HIV status remained signifi-
cantly associated with parasite infection while patient
type was not. Children in age groups 13–24, 25–36,
37–48 and 49–60 months had significantly higher in-
fection with any parasite than children below 13 months
old, (adjusted odds ratio (AOR), 1.72, 95% CI, 1.30-2.29,
p < 0.001), (AOR, 2.01, 95% CI, 1.46-2.76, p < 0.001), (AOR,
Table 2 Associations between patient characteristics and parasitic infection for children aged 5 years and below with
diarrhoea in a study of intestinal parasites in urban poor, Nairobi, January 2010 to December 2011
Patient characteristics E. histolytica (%)
Crude Adjusted
OR 95% CI p-value AOR 95% CI p-value
Total 225/2112(10.7) - - - - - -
Gender
Male (ref) 134/1116(12) 1.0 - - 1.0 - -
Female 91/996(9.1) 0.74 0.56,0.98 0.033* 0.68 0.51,0.92 0.012*
Age group1
0 to 12 months (ref) 42/758(5.5) 1.0 - - 1.0 - -
13 to 24 months 52/528(9.8) 1.86 1.22,2.84 0.004* 1.46 0.93,2.28 0.098
25 to 36 months 61/408(15) 3.0 1.98,4.53 <0.001* 2.04 1.31,3.19 0.002*
37 to 48 months 46/241(19.1) 4.02 2.57,6.29 <0.001* 2.55 1.59,4.13 <0.001*
49 to 60 months 24/148(16.2) 3.3 1.93,5.64 <0.001* 1.96 1.12,3.43 0.019*
HIV status2
Negative (ref) 178/1598(11.1) 1.0 - - 1.0 - -
Positive 41/302(13.6) 1.25 0.87,1.80 0.225 1.58 1.18,2.33 0.019*
Patient type
Outpatients (ref) 218/1577(13.8) 1.0 - - 1.0 - -
Inpatients 7/535(1.3) 0.83 0.04,0.18 <0.001* 0.11 0.51,0.24 <0.001*
Seasonality - -
Dry Season (ref) 1.0 - - 1.0 - -
Wet season 0 0.96 0.72,1.27 0.769 1.29 0.96,1.74 0.096
KEY: *significant, missing values 1 = 29; 2 = 212.
Infection with Entamoeba histolytica.
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2.53, 95% CI, 1.77-3.64, p < 0.001), and (AOR, 1.85, 95% CI,
1.20-2.85, p = 0.005), respectively. HIV-infected children
were more likely to get infected with any parasite (AOR,
2.04, 95% CI, 1.55-2.67, p < 0.001). Infections with any para-
site were significantly associated with wet season (AOR,
1.35, 95% CI, 1.09-1.68, p = 0.007) (Table 5).
Prevalence of parasites by seasons
Data from the meteorological department, Nairobi, showed
a bimodal distribution of rainfall during the study period
with rainy season being experienced between February to
May and September to December, with the wettest months
being March and November, while the dry season was in
Table 3 Associations between patient characteristics and parasitic infection for children aged 5 years and below with
diarrhoea in a study of intestinal parasites in urban poor, Nairobi, January 2010 to December 2011
Patient characteristics Cryptosporidium spp. (%)
Crude Adjusted
OR 95%CI p-value AOR 95%CI p-value
Total 187/2112(8.9) - - - - - -
Gender
Male (ref) 99/1116(8.9) 1.0 - - 1.0 - -
Female 88/996(8.8) 0.99 0.74,1.34 0.977 1.03 0.75,1.42 0.864
Age group1
0 to 12 months (ref) 76/758(10) 1.0 - - 1.0 - -
13 to 24 months 75/528(14.2) 1.49 1.06,2.09 0.023* 1.90 1.31,2.75 0.001*
25 to 36 months 23/408(5.6) 0.54 0.33,0.87 0.011* 0.89 0.52,1.52 0.681
37 to 48 months 6/241(2.5) 0.23 0.98,0.53 0.001* 0.39 0.16,0.93 0.034*
49 to 60 months 6/148(4.1) 0.38 0.16,0.89 0.025* 0.59 0.24,1.40 0.245
HIV status2
Negative (ref) 117/1598(7.3) 1.0 - - 1.0 - -
Positive 59/302(19.5) 3.07 2.19,4.32 <0.001* 2.96 2.07,4.21 <0.001*
Patient type
Outpatients (ref) 105/1577(6.7) 1.0 - - 1.0 - -
Inpatients 82/535(15.3) 2.54 1.87,3.45 <0.001* 1.91 1.33,2.73 <0.001*
Seasonality - -
Dry Season (ref) 1.0 - - 1.0 - -
Wet season 0 1.72 1.23,2.41 <0.001* 1.45 1.01,2.09 0.042*
KEY: *significant, missing values 1 = 29; 2 = 212.
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Figure 1 Rainfall in proportion to monthly prevalence of E. Histolytica, Cryptosporidium spp. and G. lamblia. The rainfall patterns in 2010–2011 as
received from meteorological department were similar, hence the amounts indicated is the average of the two months in the two consecutive years.
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June to August, and December to January. Frequencies of
parasite infections followed this bimodal distribution with
highest prevalence being observed between March and
May and September to November, and least infections
observed in July, which was the driest month (Figure 1).
Discussion
In this cross-sectional study intestinal parasitic infections
were frequent and high proportions of polyparasitism were
reported, whereby infections with E. histolytica/dispar, and
G.lamblia were higher among outpatients than inpatients
(13.8% vs 1.3% and 5.8% vs 1.3%) respectively, while infec-
tion with Cryptosporidium spp. was higher among inpa-
tients than outpatients (15.3% vs 6.7%) respectively. These
were the most common enteric parasites associated with
diarrhoea in the study population. This is in agreement
with an earlier study carried out in Kenya where these
three were the most commonly isolated parasites [32].
Higher prevalence has been reported among children in
the urban slums of Karachi, Pakistan, where prevalence of
52.8% was reported [33] and also in children in urban
Amman, Jordan, which was at 78% [34]. The high preva-
lence of intestinal parasitic infections in these urban slum
settings is linked to lack of sanitation, lack of access to safe
water and improper hygiene; therefore they occur wher-
ever there is poverty. The prevalence of helminths
reported in this study was lower than that of protozoa.
This could be attributed to the age of the study popula-
tion which was less than five years, as reported in other
similar studies [35-37]. The intestinal parasitic infections
were found to be associated with age with most infec-
tions occurring in children aged 24 months and above,
and significantly increase with age, with children aged
37- 48 months (34.9%) more likely to present with intes-
tinal parasitic infections, AOR,1.77,CI,1.77-3.64,p < 0.001,
than other age groups. This has also been observed by
Nyantekye [38] in children in Ethiopia, Moyo et al. [39]
in Tanzania, as well as in Kenya by Thiongo et al. [40].
This could be either due to higher rates of transmission
or accumulative parasites over time. In Kenya,1.5 million
persons are living with HIV, 13.3% being children [41].
Intestinal parasitic infections are among the leading causes
of mortality and morbidity among patients infected with
HIV and, specifically, gastrointestinal protozoa which cause
significant morbidity in children and are opportunistic in-
fections in HIV/ AIDS patients [21,22,42]. In our study
population 36.8% of HIV infected children had parasitic in-
fections as compared to 24.9% HIV negative children, with
Table 4 Associations between patient characteristics and parasitic infection for children aged 5 years and below with
diarrhoea in a study of intestinal parasites in urban poor, Nairobi, January 2010 to December 2011
Patient characteristics Giardia lamblia (%)
Crude Adjusted
OR 95%CI p-value AOR 95%CI p-value
Total 98/2112(4.6) - - - - - -
Gender
Male (ref) 56/1116(5) 1.0 - - 1.0 - -
Female 42/996(4.2) 0.83 0.55,1.26 0.383 0.74 0.48,1.16 0.193
Age group1
0 to 12 months (ref) 10/758(1.3) 1.0 - - 1.0 - -
13 to 24 months 23/528(4.4) 3.41 1.61,7.22 0.001* 2.36 1.07,5.14 0.031*
25 to 36 months 26/408(6.4) 5.10 2.43,10.67 <0.001* 3.26 1.49,7.13 0.003*
37 to 48 months 26/241(10.8) 9.05 4.30,19.05 <0.001* 5.86 2.67,12.89 <0.001*
49 to 60 months 13/148(8.8) 7.20 3.10,16.76 <0.001* 3.95 1.59, 9.78 0.003*
HIV status2
Negative (ref) 78/1598(4.9) 1.0 - - 1.0 - -
Positive 12/302(4) 0.81 0.43,1.50 0.497 1.02 0.54,1.93 0.946
Patient type
Outpatients (ref) 91/1577(5.8) 1.0 1.0
Inpatients 7/535(1.3) 0.22 0.10,0.47 <0.001* 0.41 0.17,1.00 0.049*
Seasonality - -
Dry Season (ref) 1.0 - - 1.0 - -
Wet seas 0 0.60 0.40,0.91 <0.015 0.79 0.51,1.21 -0.280
KEY: *significant, missing values 1 = 29; 2 = 212.
Infection with Giardia lamblia.
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adjusted odds of 2.04,CI,1.55-2.67,p < 0.001. Prevalence of
intestinal parasitic infections among HIV infected patients
were also found to be considerably higher in Malaysia,
(37.9%), [43], Ethiopia (52.6% and 59.8%) [44,45] respect-
ively, Nigeria (79.3%) [46] and Indonesia (84.3%) [22]. In
addition, children admitted to hospital were less likely to
be infected with intestinal parasites than those seen at the
outpatient clinics (20.4% vs 27.4%, AOR, 0.68, CI, 0.59-
1.03, p < 0.084). It is likely that most of the children ad-
mitted in hospital may have been treated elsewhere in
outpatient clinics in the community before being admit-
ted in hospital. Significant association between Crypto-
sporidiosis and HIV infection was evident with HIV
positive children being at least three times more likely to
be infected with Cryptosporidium spp. (19.5%) than the
HIV negative ones (7.3%) (AOR, 2.96, 95% CI 2.07-4.21)
p < 0.001. Higher findings have been reported in Uganda
with prevalence of 73.6% in HIV infected children. The
high percentages recorded in Uganda may be, due to the
high sensitivity of the molecular techniques used in
the studies, whereas the prevalence rates reported in
our study are based on microscopy, which is less sensi-
tive. The prevalence in HIV negative children (7.3%)
was comparable to that reported in Uganda (5.9%) [47]
and also in China (3.0%) [48]. Cryptosporidiosis was
highest among children 13–24 months of age as compared
to 0–12 months agegroup. This is in agreement with
earlier reports in Kenyan children [32], and similar ob-
servations were made in a study in Gaza [49], but it is
in contrast to reports on cryptosporidiosis in children in
Egypt, where infection was most common among chil-
dren less than 12 months of age [50,51]. It is not clear
why there are differences in susceptibility to infection by
age of children, but this may be due to the prevailing
Cryptosporidium spp. endemic in specific areas. Un-
derstanding the transmission dynamics warrants further
investigation of the Cryptosporidium spp. and subtypes and
genotypes in circulation. Most intestinal parasitic infections
were observed to be higher among the outpatients than
inpatients except infections with Cryptosporidium spp.,
whose prevalence among outpatients was 6.7%, and this
was twice as high in inpatients at 15.3% and the differ-
ence was statistically significant, (AOR, 1.91, 95% CI
1.33-2.73, p < 0.001). This might be attributed to the
fact that Cryptosporidium spp is difficult to treat and
does not respond to the commonly used antiprotozoal
drugs except nitazoxanide [52]. This drug is not readily
available especially in resource poor settings, hence the
high prevalence of these infections among the inpatients
than outpatients (15.3% vs 6.7%, p < 0.001), even though
most of these children were already on treatment in
the wards. Giardia lamblia and E. Histolytica infections
Table 5 Associations between patient characteristics and infection with any parasite from a study of intestinal
parasites in children aged in urban poor, Nairobi, 2010-2011
Patient characteristics Any parasite (%) Crude Adjusted
OR 95% CI p-value AOR 95% CI p-value
Total 541/2112(25.6) - - - - - -
Gender
Male (ref) 298/1116(26.7) 1.0 - - 1.0 - -
Female 243/996(24.4) 0.89 0.73,1.08 0.226 0.86 070,1.06 0.169
Age group1
0 to 12 months (ref) 141/758(18.6) 1.0 - - 1.0 - -
13 to 24 months 147/528(27.8) 1.69 1.29,2.20 0.001* 1.72 1.30,2.29 <0.001*
25 to 36 months 122/408(29.9) 1.87 1.41,2.47 <0.001* 2.01 1.46,2.76 <0.001*
37 to 48 months 84/241(34.9) 2.34 1.70,3.23 <0.001* 2.53 1.77,3.64 <0.001*
49 to 60 months 45/148(30.4) 1.91 1.29,2.84 0.001* 1.85 1.20,2.85 0.005*
HIV status2
Negative (ref) 398/1598(24.9) 1.0 - - 1.0 - -
Positive 111/302(36.8) 1.75 1.35,2.27 <0.001* 2.04 1.55,2.67 <0.001*
Patient type
Outpatients (ref) 432/1577(27.4) 1.0 1.0
Inpatients 109/535(20.4) 0.68 0.53,0.86 0.001* 0.78 0.59,1.03 0.084
Seasonality Dry Season (ref) Wet season 0 - -
1.0 1.19 - - 0.97, 1.46 - - 0.087 1.0 1.35 - 1.09,1.68 - 0.007*
KEY: *significant, missing values 1 = 29; 2 = 212.
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increased significantly with age with the most affected
age group being the 37–48 months, (10.8%, AOR, 5.86,
CI, 2.67-12.89, p < 0.001 and 19.1%, AOR, 2.55, CI,
1.59-4.13, p < 0.001) respectively. Considering that
these children live in slum areas where the sanitation is
poor, with open sewers, and limited access to clean
water, they normally play in the soil which harbours
these parasites and are less mindful of important per-
sonal hygiene practices such as washing of hands with
soap and water before eating, after playing and after
visiting the toilets. Giardia cysts are highly resistant to
environmental conditions, being able to survive in the
environment for long periods of time, [53]. Acknow-
ledging the resilience of these cysts, it is conceivable
that protozoan infections are much more frequent in
poor settings than estimated, even in the absence of
reported outbreaks and epidemiological surveys [54].
G.lamblia was more common among outpatients than
inpatients (5.8% and 1.3%) respectively. Similar observa-
tions have been made elsewhere in studies on urban chil-
dren, though with higher prevalence observed [55-57].
Polyparasitism (duo and triple infections) was observed in
12% of the infected samples, mainly involving E. Histolytica
with one or two other enteric parasites. This is common
and widely reported in children elsewhere [58,59]. Seasonal
variations are known to affect the prevalence of a num-
ber of infections. Although Tuli and colleagues [60] re-
late intestinal coccidian infection to seasonal variations,
there is paucity of reports on effect of seasonal varia-
tions on the prevalence of intestinal parasitic infections.
These infections showed bimodal transmission with the
highest infection rates of observed during wet months.
This has also been reported in Malawi where peak
prevalence was observed during rainy season [61], as
well as in Nigeria [62]. Rainy season may facilitate con-
ditions and risk factors that predispose people to intes-
tinal parasitic infections. The faeces are washed into
nearby streams and open sewers that flow along the
shanties in the overcrowded urban informal settlements,
and can lead to contamination of drinking water, hence,
increased infections and indeed, higher prevalence.
Conclusion
In conclusion, the magnitude of intestinal parasitic
infections among the study population of an urban in-
formal settlement in Nairobi is high in children. Routine
examination of stool samples for parasites, including
Cryptosporidium could significantly benefit both the
HIV infected and uninfected children by contributing to
reduce morbidity and improved quality of life.
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